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Abstract of JP8012600 

PURPOSE:To provide the subject new phenylanthracene 
derivative having a specified structure, exhibiting a low 
crystallinity, capable of forming a thin film having a stable 
amorphous state and useful for, e.g. a light-emitting layer of 
an organic EL device capable of stably emitting high- 
brightness blue light. CONSTITUTIONALS is a new 
phenylanthracene derivative having a structure of the 
formula, A1LA2 (Al and A2 are each monophenylanthryl 
or diphenylanthryl; L is a single bond or a divalent bonding 
group), represented by formula I (Rl and R2 are each an 
alkyl, a cyclo-alkyl, an aryl, an alkenyl, an alkoxy, an 
aryloxy, amino or a heterocyclic group; rl and r2 are each 0 
or 1 to 5; LI is single bond, an arylene, etc.) or formula II 
(R3 and R4 are each same as Rl ; r3 and r4 are each 0 or 1 to 
5; L2 is same as LI) and useful for, e.g. a light-emitting 
layer for emitting blue light in an organic EL device. This 
compound is synthesized by coupling 2-chloro-9,10- 
diphenylanthracene, etc., in the presence of bis(l,5- 
cyclooctadiene)nickel, 2,2'-bipyridyl, etc. 
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H 


TT 
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V-5 


OPh 
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rr 
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rim. 

OPh 


11 
H 


H 


IT 

H 


it 
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V -b 


NlCefisj a 


H 


u 

n 


TI 

H 


ti 
n 


N (C«Hs) z 


11 
H 


H 


TT 

n 


IT 
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V -7 

V / 


M l*Dril 
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u 
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If 
It 


u 
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Tt 
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TJ 
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if 
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V O 
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U 
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Tf 
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If 

LJ 


TT 
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V a 
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If 

a 
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n 


if 
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u 
xl 
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V 1U 


IT 
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u 
a 


tj 
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If 

H 


n 
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TJ 
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n 


If 
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V 11 
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If 




TJ 

n 


If 

It 


Tf 

n 
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a 


Lttla 


u 
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Tf 

n 


V Xc 


n 
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n 




ro 
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TJ 

it 
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Una 


pa 
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Y lg 


11 


n 
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u 
11 
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u 
It 
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TJ 

n 
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V 1** 
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Ula 




Una 
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V 10 


D 
U 




xr 
n 


TJ 

a 


u 

n 


u 
n 


Ph 
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n 
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u 
n 


V-16 


H 


H 


Ph 


H 


H 


H 


H 


Ph 


H 


H 


V-17 




H 


H 


H 


H 




mm 

H 


H 


H 


H 


V 10 


v vmIIs 


tr 
ti 


TI 

n 


u 
n 


n 


C WII9 


TJ 

u 


if 
n 


if 
ti 


TJ 

a 


V-19 
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V-20 
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V-21 
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VI -24 
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-4 >Ph H 
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R<4 R 
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VI-2 


CH, 
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VI-3 
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H 
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H 
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H 


U 


VI-6 


N(C 2 H 5 )« 


H 


H 


H 


VI -7 


N(Ph) 8 
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VI-8 


Ph 
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VI -9 
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H 
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VI-10 


H 


CHs 


H 
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VI-11 
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Ola 
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VI-12 
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CHa 


CHs 




IT 

O 


u 
n 




n 
n 


VI-14 


CHs 


CHa 


CHa 


CH 3 


VI-15 


H 


Ph 


H 


H 


\n-i6 
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Ph 
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VI -17 
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H 
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VI -18 
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t'C^He 


H 


H 
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H 
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H 
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H 
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H 
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H 
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CHa 
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CHa 


CHa 


H 
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CHi 
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CHa 


CHa 


CBa 


CHa 


CH 3 


CH 3 


CHa 


H 
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H 


H 
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H 
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No. 


R31 


R 3a 




R>4 


Ras 


R41 


R42 


EU3 


R44 


R45 


vn-i 


H 


H 


H 


fi 


H 


H 


H 


H 


H 


H 


vn-2 


CHs 


H 


H 


H 


H 


CH S 


H 


H 


H 


H 


VU-3 
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H 


H 
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t-C«H, 
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OCH, 


H 
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OPh 


K 


H 


H 
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OPh 


H 


H 


H 


H 


vn-6 


N(CtH B )» 


H 


H 


B 
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K(C 2 H 6 ) a 


H 
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vn-7 


N(Ph), 
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H 
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H 


N (Ph) a 
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vn-8 


Ph 
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H 
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-O-CH3 
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CH* 
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CH, 
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H 
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CH 8 
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CHa 


CH, 
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IX - 1 



IX - 2 



IX - 3 



IX - 4 



IX - 5 



IX - 6 



(20) 




CH2~ CH2 



»ffl¥8- 12 6 0 0 
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[0 0 6 0] 



X - 1 



t - CaH 



t-C 4 H9 

co 0 6 1] *$zw<D 7 x ~)vr >h^± >mm& (&s 

T> r*mm<Dft.&®i} t^^o ) (l) Any 

>{kz?7*—)]s7>h : ?-te>{k&9l&+ Ni (cod) 50 




2 (cod : 1, 5 -v^D;*-^>*X» T^y^U 
UNiCla (dppe) [dppe :y7iZ^7t 
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(21) 

39 

/X*>] , N i C 1 2 (dppp) Cdpp 
p : y7x^7^X7^;^PA» , J&£tf)N i 0 
M<i:$i^T^ DX^I y ^'J >^t^m (2) 7 

< tf7 > h □ ><h^U x*-;Wfcb*:T U — ;p*> b < 

[0 0 6 2] £ ©<fc 5 Snfefc-gW*, tg3&# 

«a#"»»iR (NMR) X^hMflCiotHJlt 10 

[0 0 6 3] **K©7x-;V7>h^-fe>ttlW#:tt, 
4 0 0-2 0 0 0igS, $^di4 0 0-1 0 0 0gg 
oa?***^. 2 0 0-5 0 OTCCDflSiiS^^WU 8 
0-2 5 0t, S&fcKl 0 0 — 2 5 013, <£0££!£ 
ft 130-250 "C, *Hcl 5 0-2 5 0t©^7Xg 
(Tg) fciftf. Sot, B*<DJCffi9IHHFKJ: 

[0 0 6 4] #^<&WtSELff§^ (J[^T> rELg 

<h*>v>5. ) 4>fc< £fciB<0W«Hb^»B£ 

&-&=rrs. *«9B«>=fir«EL*^o«j«^&ai^ 

-To HBl:S3n5*iEL*TiH M2±f:, » 
13, IE?L&AI&2IB4, MI5, i^AUSI 

6, mm7*mxm?z>o 

[0 0 6 5] IHLfc.fcWfO&Aaifc * 

m&Aifc&Btt. t&m&zv 30 
o> cnsoBte, ^B^&A£n*iE?L^e^£it! 

A^SIB^fcttm^ffiAttSieSS^rt^ 583KB#jE 
?LaA^B^fc^S^AIS^B^*fe^*^^"r^ 
il^T^^ «^(Ci:oTHiE7LaA^^ 

J;^«^aA^Bov^nt>S:^<T^v^ 
IE?LaA«SB^ck^m^A*iMB«, ^n^tuc** 

[0 0 6 6] Jtt*«-^-h^ft 



4$R§¥8- 1 2 6 0 0 

40 

[0 0 6 7] ztz. i&fr&ttz&ftm^mTSiAffim 

MP*3>hD-JW-*Jli-C. 

[0 0 6 8] *5!WO J fb'&ftS»3tB^V^«'&iC^ 
»HH6 3-2 6 4 6 9 2^«fcH*StlT 

[0 0 6 9] RftBfctok — XaKSjrx^* 

ITU Zy^rj^, )V7U>. x7xZMV^ 

>V77>* =.»7$>m&m?*>nz>o zlv&ou? 

[0 0 7 0] *aSM©fc-&«€*3tJBtCffl^*«-&, IE 

TLBAaaute^oaraxaaBicH:, m^w«e 

536 3-29569 5-^4i«, «rH§¥2 - 1 9 1 6 9 4 
M¥3 - 7 9 2f&**l:E«SnTV^# 
WM^§l^?)ut^Tf5o iEdFLffiA 

*W7V-)vvm». vvi?>mm»* vozitym 
^*y>B«*. ivu>nmfc 7)v*u>nm#m 
[0071] mii&Affimm&mR&AmtmiiMimm 

fcte»»TRi«»tt» iE?lffiAl!fcaiB«<Z>fl:^« 
ilOt^ (ITO§) *>ft*T"> 

v^o *fc»«amfctt»Rttofi»ftfls'&«j*ffi^^ii 

^A#y ho»4 • *fiSR<;:t^ 
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41 

i — i onmstv>n^m%. *v3if>*— )i7V— 

[0 0 7 2] m^^Atta6S*«TffiAHtm^Ftt«H 

[0 0 7 3] ftytm&mT&xmm 
mmk&®*2$\z%kis[\?z>z£&&£L><* *&w<d 

&AWj£mt&®*i£ZlzmM?ZZ:£*W&V\,K ± 

m<DM&m \z& n^m^xmmmt^m t mn&Am 

&® : IE7L& Am*kmk&®& 6 0 : 4 0-4 0:60 

L<> Si:li5 0 : 5 OglT^^^l 

[0 0 7 4] ^cDjl^tC^-r^m^aA^tt^fe 

IEftaAt&j£«te'&»fci, ±IB<7)iE?LaAlftSlg^(0>fb 

iE?LaA^ftft;^«#^ i mv&m^T* 2 sjb*± 

[0 0 7 5] te<om^&A*£^ttlb^43<fctf 
ffiOiE^LaA^ttft^cofg^^U, CIO <fc 

[0 0 7 6] £ CD<fc 5 fcS'&JI £ E L 9&&^lCffiffiT£ £ 40 

[0 0 7 7] *SS^<Dft-&%««TaA(ftSISJCfflV^ 

ytm\z*>m^z>z &rc. *&m<t>to&mz 
«faA»2i £ mtetiftytm \z*bm^z>z.£&-?& so 
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42 

[0078] *fzm<D{t&mziEii&*Mmm\zm^2> 

[00 79] -^mm<D^^jET^x^m^izm^^ 
&ytm\zm^z>$kft&vom** *&m<D{t&%>& 

cdj:^^^ ft%m\z%*§m<Dfc&m*m^z>^£. 
[008O] fcss, ±iBtc^viT> &<Dnyt&mm&3i 

ttl 0^%JKT^SnbT^ffflLT ! bJ;^o 

[0 0 8 1] ?63fcJI<Z>JP;*> iEaaA«ayB©»**± 

t/m^A®^co^$^{c^$n-r. 

iotfeMS^ 5-lOOOnmgS, 4$lC 8 

— 2 0 0nm<hT5^£##£b^o 
[0 0 8 2] IE?lttAtt^»a)jP^^<fctX«^aAia^ 

<Dmts£mm&*>v<\zi/i o-i o«s*t-rn« 

ftAJBttlnmBUb, 2 0nn»a±t 

-rsofttffSUIr*. CCD Ail* StmJi<£>JP£tf> 

±^«> 0 0nm@^ ttatJTei 0 0 

0nmflJin?&<5« 

[0 0 8 3] KflHCtt, tt*Hft©/hS^»». 
fcf. Li, Na, Mg, Al, Ag, I n&Z>WtZ.tl 

-10 0 OnnpgS^-r^^t^Sf^b^o 
[0 0 8 4] EL^SffiJ^S-frSfcfcfctt, 4>&< 

^J^.«> I TO, SnOz , Ni, Au, Pt, Pd, 

H— r%> h & F— ^bfc#u if ;pft£ftBCicA^ 

SJltdW^UVi. *^c, BSOJP^ttl 0-5 0 ODm 

^t>£><hbTl 0 — 3 0Q/D@a^tbl 0 Q/U^k 
T (il^5- 1 0 Q/D) <DlTO&mf*>tl2>* 

[0085] m«L«»\zmzfafR\tu^tfi, h*«-c» 

[0 0 8 6] S«K5FaW«:»»«fflV^»&IC 
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[0 0 8 7] #l\Z, *agwo^r«EL*^©»is*as 

[0088] Mus^inum. mmvk+x/iv*#m 
[0 0 8 9] lEft&Af&im 3&tm&&rtm¥&xM 

(M«0. 0 1 Mm £A±) (O^Hfc»BWtf§Sn*. 
ifl©&a*0. 1 Mm £@^TV^<h, fc&yttite 

[o o 9 o] Kffi**©*frtt»fcH5e*nja:v^ i 

0- 5 Torr^T<E>K£SE£:U sISM&tteO. 1-lnm/ 
sec a«t-TSJli:3W»*b^. K£*TJ»RL< 

[0091] 2in6#i©)i«i:»as*s*ffl^5« 

Btffff-T^x*- U^6*3R»-r« - turn* 

[0 0 9 2] *»WOEL*m fi%Bl(r$!<Z>* 



ft-rscfctn?**. ffinmjBE«, 2-2 ovg 

[0 0 9 3] 

[iiifiw] sir. *ftm<DM e #Mmmmztt%tw£t*> 

[0 0 9 4] <9O6011> 

ffc'&fe 1 - 1 (D^$L 



10 



20 



tMM/x 94. 

$J£M/% 9 4. 



: m/e 6 5 8 (M + ) 
#^K<XX^h;P: 02 
NMRX^ : gJ3 
7Kgj£3EJS«ffll5E (DSC) :»^C4 5 0t:, 
181t 

[0096] <rnmw2> 
it^mi- 1 

(1, 5 -->^D^-^^>^X» (N i 

(cod) 2 ) 0. 3 7g (1. 35ramo!) , 2, 2' 
- tffcfUi^>0. 2 Og (1. 2 8mmol) 1, 5- 



30 



9 4 . 

SBEfit/X 9 4 . 



ftS##r:m/e 6 5 8 (M + ) 

[0 0 9 8] <9at«3> 
III - 10^ 



3. > ^ 7 ^ * n ic T ^ rf >TT«ttYk V fc v ^ ~> 
^AO. 2 6 7g (lOmmol) lC, 4, 4' -i*-3 — 
Klf^Jcn;i/2. 2 2g (5. 4 6mmol) O^h^t K 
□ 77> (THF) ^5 OmlfcigTl-^JX*— 



bfX (1, 5 -y^Dt^7^yX» Xy$r/P (N i 
(cod) 2 ) 0. 37g (1. 35mmol) , 2, 2' 
-tftfU> ? >0. 2 0g (1. 2 8mmol) <h, 1, 5- 
->^D;fr^^>?X>0. 2 0ml£* N, N->?^^;^ 
^A7 5 H2 Omltea**H«*Tfi'&U ££f£2- 
&UU-9, 1 0-y7x-Jl^7>h7t>l. 0 Og 
(2. 7 4mmol) 6 0 "CT 2 4HfM«*fl/fc. 

^C0S^^^1N^K*S^SAU, h^X>£* 

A<fcO 3lsISJ»»U h;PX>&ttffl*«tl/T^U* 

^7asmu o. 5 3g flD»afiH#sftfc. #sn 
rcsae®*o. 5g £#»fgsu o. 2 3ga>#& 

[0 0 9 5] 
H 

8 0 5.2 0 

9 6 4.9 0 

3KS^a:t^^X>0. 2 0ml£, N, N-v^^M* 

1 0 - ^^a:X;i/T >h^ir> 1. 0 Og 
(2. 7 4mmol) £iD7L 6 0t;T2 4^ffi^bJt e 

^7Aifib, 0. 2 Og OSfS&H#£#fco 
[0 0 9 7] 
H 

8 0 5.2 0 

6 0 4.9 7 

£2-^Dn-9, 1 0-y7x-;P7>h7t>4. 
0 Og (lOmmol) 6 O^TMffSraMStbfco 

C©S«*«& 1 NtM#««fc«AU b^X><h^a 
D^ATaUl, iSKV^y^A^JSb 

*£S.U ^^IC h^x>^A^>»WtbTy 
U*^7AiSU 2. Og Of^M^^^tf fifi 



0. 6g a>tt#ft*afiB#£#*:. 



u 



Lfc* CO^MlCNICh (dppe) 0. 4g 50 [0 0 9 9] 
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(24) 
C 

9 4.54 
9 4.50 



#i¥8-l 2 6 0 0 



46 



H 
5.4 5 
5.4 0 



£> 8 6 KM* ) 



/ c 1 \ 

V O WWU 1 / 



Txmjki&f&mmfe (dsc) :na^3 5 0'c, #:7X& 
^ta^i 2 or 

-Hr>fc#'j->i<'*r)V : 5. 9 5eV 
[0 10 0] ft43, ^©iRX^ hJk NMRX^ 

[oioi] <mmw4> io 
it^mv - 1 <d&& 

^A0. 2 6 7g (lOmmol) 4, 4' -zS-S — 
Hl:7i^2. 0 2g (4. 9 7mmol) ©THFSffi 
5 Oal&WTL/^Ur:^— ;Wbl/fc. 7 * 

7tM#m : C 

9 4. 8 
9 4. 5 

SMff:m/e 6 5 8 (M + ) 

[0102] <mmms> 

K&m VII- 2 

0g (2. 6mmol) STHF 5 OmUCSM? U 
-T)imm (6. Ommol) SiTFU 4flSffl»«Lfc. 

U Rft***«W*jrF«, 4B#fy)jl#U ziJfifbX 
X(SnCh ) ©Igg^^STl, 2*>{Cl 0 Ot: 

><h^\^> (i : 4) ^mmmmtvx^otftf^A 

mW&, h;H>iOS16iU 0. 8g (DfifiSM 

Sl^«f:m/e 5 3 5 (M+l) + 

#*W&KX^ h;i^ : m 6 40 

;£Sf&*M£ (DSC) rUS^est:, ^7XK 
1 6 2<C 

[0 10 3] fc*s* 5c*#«fc*tt*ttM£W£«* 

[0 10 4] <g|J£#i6> 
{fr£%y VII- 

at^«r:m/e 5 0 6 (M + ) 

atfM»KX-*£ : m 8 50 



fco $z\z* z<D*k&yo&mmi o omucs&i^b*^ 

(SnCh ) C0ffiKSIR^aBBL,fcR*^^S^T 
H 

0 5.2 0 
8 5.10 
NMRX^ b)V : 09 

*S*3tJ»*affi (DSC) :l»j«3 5 0'C* tf^xiB 

3 or 

[0 10 5] fe*5, 7C*»«ftC^»^tHMttW««t> 

[0 10 6] <*Jfi«7> 
fe&a VII- 3 

sus^i 5 \zmvT&i&vrzo 

li»ffi:m/e 6 19 (M+l) + 
atfVRiRX'^ : |§3 1 0 
NMRX^ bJV : 011 
SSflglENttitt (DSC) : HW£4 1 1 <C 

[0 10 7] 7C*»«rfc*tj-*IHMti:JB«ffl'b 

[0 10 8] <§Hj&£#I8> 
ffrgrgg VII - 4 

^js^ 5 i:?i:t^ll 

»3#*r:m/e 5 6 6 (M+l) + 
**MIMXX^ h;> : B 1 2 
NMRX^ S3 13 

[0 10 9] fc;fe, 7C*»«fl**W*fHHli:*3e«t> 

[0 110] OOMfJ9> 
ffr&gg VII— 8 (QpJEjc 

Ii^«r:m/e 6 5 8 (M + ) 

NMRX^Hk HI 5 

a*S£*MfcM£ (DSC) :Mjft3 4 5'C, tf^Xfe 
^M^l 8 8*C 
[0 111] 7C*»«rlc*tt*fHIEtttiB««t> 
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co 1 1 2] <$mm\ o> 

fc&® VII- 1 2 0^ 

©fi##r:m/e 5 3 5 (M+l) + 

fcH&mx*& h/P : ■ 1 6 
NMR7^ h;V; 017 

^^^fiSI^ (DSC) : HS/&3 9 lt\ tf^XSfc 
^MSl 6 6«c 

[oii3] t$.&. Tvmftmz&vzmnfetmfemib 

<k<—%tVfco 

co 1 14] <$mmi i> 

toft® VII- 1 4(D^ 
f^^5fc^DT^£Lfc<> 
Il»Sr:ra/e 647 (M+l) + 
^KJKX^^ h;i/ : H 1 8 
NMRX^Hk ^19 

^^ISfi^ (DSC) :M41 4 < C-e#S 

co 1 1 5] ft*, TcmfttiTiz&ifznYwmtMfem* 

CO 1 1 6] <l£B£0U 2> 
{frgjft VII- 1 5CP£t& 

hss^I5^i;t^u^o 

Stfi##r:m/e 6 5 9 (M+l) + 

NMRX^ h;k 02 1 
^^SftS?Sl^ (DSC) :SS/S3 2 3 < C, 
g^iUU 6 5*0 
CO 1 1 7] &*5, Tn^WtC^^^tf^^ailSffife 

[0118] <mm&n s> 

fc&m VII- 1 6<D&f$. 
jtfi#*r:m/e 6 59 (M+l) + 
NMRX^Hk 02 3 

^M^Stl^aSl^ (DSC) :M2 9 5t:, tf^Xfe 
I41t 

[0 119] &*3, 7C^«tJC^tt^tf-^ffit^<Bt> 

[0 12 0] <3US#I1 4> 
jfrjjfe VI I — 2 4 (0 C3 
3£6S0iJ 5 \zmCTG&VfZo 
lt»Sr:m/e 6 18 (M + ) 
35#WKX^ h)V: 02 4 
NMRX^ : 02 5 

^£3£&«$J5£ (DSC) : 1^2 7 31^ ^7Xfi 

^taai 0 5*C 
[0 12 1] fc*. 7C*»«rfc^tt^m-ffffl^^ffl ! b 

[0 12 2] <^BS^1 5> 



(25) «ri¥8- 1 2 6 0 0 

ftflM 5 fcWCdrifcUft. 
HS#W:m/e 5 6 7 (M+l) + 
^^RjRX'\# h)V : 02 6 
NMRX^hik 02 7 

[0 1 2 3] fc*3, S*#«fc:m*SttJM£»««fc 

CO 1 2 4] <§«8«ll 6> 
ffr&S VII- 2 6C0^ 

io mmsK»vx&ft\,it. 

li^Jr:m/e 6 0 6 (M + ) 
**V&|RX^ 02 8 
NMRX^ MP: 02 9 

^gj££j»fi«J5£ (DSC) :»^4 5 3X:, ^7^K 
^1S2 3 51C 
CO 1 2 5] ft:** 7C*»«JC*W«fHMii:afett'b 

co 1 2 6] <$mmi 7> 

1-20 <D^f% 

20 mfem i izmvxs&isfro 

Ii^Sf:m/e 8 8 3 (M+l) + 
mft&UX^? h )V : 0 3 0 
NMRX^^ MP : 03 1 

^S^^J»*»^ (DSC) :M342. 6*0, X? 

xg^lSi o 3t: 

CO l 2 7] t*& % 7C*»*fte*W-*tUMfciffl««t) 

co 1 2 8] <sas«i 8> 

jfr&g VII- 2 7C0^ 
30 ^iJSfll 5 IzmVX&J&Vfco 

Si»«r:m/e 8 9 6 (M + ) 
#*WfcX^ MP: 03 2 
NMRX^Mk 03 3 

(DSC) :M3 6 1. 5<C* #7 

X^MKl 6 4<C 

co 1 2 9] Ttmftmz&ifzwr&mzLm&mh 

[0 13 0] <§HJ£0U 9> 

jfr&%y VII- 2 3 

40 nmMs\zmvx&f&isfco 

*0JftJKX^* MP: 03 4 
NMRX^ : 03 5 

TjkmM&m&MlS. (DSC) : 66^4 2 3^, #57X& 

wuu 9 o*c 

[0 13 1] fc*5* 7C*»«fJC*tt*tH(tti:jHSfl[t> 

[0 13 2] <^JS092 0> 

ffr&fe I- 1 7gM 
^Jg« 1 fc*PD-C&J*L£. 
50 sitfWKX^ MP : 0 3 6 
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NMRX^h^: S3 7 

TftmM&f&mmfc (DSC) : iS^7^»U& 17 7t 
[0 13 3] *i3. 7C*»«flC*»**tMi«t»lJ6*'b 

[0 13 4] >fb6Mk2 4\Z7xZftZ>fo<Dmm{k&V0h 

mmm 1-20 i:?i;T^i/fc, cn^ft^fekt, 

[0 13 5] <S8««|2 l>i^$ 1 0 OnmOI TO»« 

*« (had e#T*tf?x£tK&. *tt«cao, r-th j<? 

>, x* J8v>TjB#**fci*U #»x^/~;p 

1 x 1 0- 6 Torr£TMJEEL*u 
[0 13 6] N. NT -i;7x-Jl/-N, N* 

-m- hU;i/-4, 4' -i?7^S- 1, 1' -tf^x 
x;i/ (T P D - 1 ) 0 . 2 nm/secT 5 0 nm£> 

[0137] i <Dit<£®} i - 1 &mmm 

SO. 2 nm/secT 5 0 nmtf)JP£ IzMm U 3&7fcJg t b 

[0 13 8] #Cl>-e, «£E«IBS«ofc**, ST&A 

A^^ISfiSgO. 2nm/secTl OnnKOJpatC^Sbfcp 
[0 13 9] «JBE«J8&«ofc**, MgAg 

(SfiJtl 0:1) Sr^jSffiO. 2nm/secT2 0 Onm 

[0 14 0] CKO^raiELSR^CWEESBIlinbTaSES 
SlbfctC^ 15V, 2 17 mA/cm 2 T4 5 0 0 cd/m 2 
(5S3tS*iftft A max =4 8 5nm) ©SBteJWfcB 

frofc, ffS^^SW^ 1 0 mVcm 2 (D^mSt® »re 1 0 
[0 14 1] <**«2 2>JP£ 1 0 OnmCO I TOSi 

mm «» *ttt«w» r-feh 

SLT, 1 x 1 0- 6 Torr^TMJEU^io 

[0 1 4 2] #U (ft7i>- 2, 5-SM 

;W £1 0nm©»3fc«*U IE?LffiAHtUfeo 40 

[0 14 3] N, N* -y7xz;i/-N, N* 

4' -i^T^y-l, 1* -tf^x 
x;i/ (TPD-l) ^§RSP3iS0. 2nm/secT5 Onmtf) 

[0 14 4] #:V>T?, 1 0>flS-&tt I - 1£5 Onm 

[0 14 5] «flE«ffl*«o&**, tf^A 

bT, hUA (8-*yU/9M r;i^x^ 

A^^fiO. 2nm/secTl 0 nmCDJP^tCg&tUfco 
[0 14 6] SSIC, «ffi#Bg£#o£:£i:, MgAg 50 



*£H§¥ 8- 1 2 6 0 0 
(Sfiit 10:1) &M5iM&. 0 . 2 nm/secT 2 0 0 nm 

<Dm^\zmmvx^mtv. ^el*?**^ 

[0 14 7] 2:©^r«EL*^K«BE€BIlniUT««S 
2ffb£:£iI3« 12V, 6 2 5mA/'cm 2 "C 1 0 0 0 0cd/ss 
2 coWfe (aBt«*»ftAmax =4 8 5nm) (D^tm, 

mzn* ^omaiUMuiwm+T i o o ommsk 

<fe*>ofc. 1 0 mA/cm 2 <Z>£@2ftKftT 

4 0 0R#IHT*o&. 

[0148] <S8«« 2 3 >HSfi« 2 2 fcfc^T, 

aA«2is&»^^^«ra«^bT^r«ELSiT* 

[0 14 9] c<©*«EL*^Jr«£E&9JirabTSSS* 

iftbfciCS, 12V, 8 2 5mA/cm 2 T2 2 6 Ocd/m 2 
Otfi (»3t«*«fiAmax =4 8 5nm) <D383fcW>B 

jftofc. »fi<Z>¥MS8tel 0 mA/cm 2 a>je««B»T? 1 0 

[0150] 2 4 >#|$S0iJ 2 2 tRttJCSRT* 

f^aifco fc«U ^-JP«MfiTPD-l©ftt)0 
IC, N, N, N' , N' -^h^^X (3-H7x- 
;W -4, 4 ' -i?7*S- 1, 1' -tf^xx;u (T 
PD-2) ^V^p 

[0 15 1] 21©*«EL*^C«EE*BIJPI/T«** 
gtbfctZl^, 12V, 6 7 5mA/cm 2 T5 5 0 0cd/m 2 

(«3tS*»fiAmax =4 8 5nm) ©383fcj&*a» 
$n, uO^HKi^gfflgtTl 0 0 OKHHSLL 

&3^o ®K<E>¥3*#!te 1 0 mA/cm 2 <7>^m«lB!!jT 6 

o oBSwrftofc. 

[0 15 2] <HJgfll2 5 >^SS^J 2 4t.m»\ZJERM 

j£m*mf&vtz'&. wvnxmizVT* tpd-2^ 
mmm 1 <n\t^m i-itsi : 1 ojt* (ssit) -c 

ItiSO. 2nm/secT2 OnmOffafc. *3K»bfc. 

[0 15 3] «JEEtt*B£«ofc*S, 
JBtUT, I - 1 &5 0nm<Off$tCP!Sapl/feo 

[0154] MJE^ii<&«ofc^^, m^ax 

^<hbT, hUA (8-*/U/tH 
IfllO. 2nm/secTl 0nm<OJ»$(C3R»bfc. 
[0 15 5] a^JC, *EEtt»&«ofc**, MgAg 
(fiSitlO : 1) 2nm/secT2 0 Onm 

(Dmzizmmvxfemtis* taEL*?^. 

[0 15 6] CO^tmjBE&ffUBbTWiBSab&t 
t!5, 12V, 5 4 0mA/cm 2 "t?l 2 0 0 Ocd/m 2 (OWfe 
(^3tffi±iSfiAmax =4 8 Onm) 0»3t3W«BSn 

Tco z.<D&m*fttimm&mm.+-v s o o o^w^±^ 

— ^ t>&. ffS©¥^»!«l 0 mA/cm 2 <D^m 

»ti 5 o ouspig-ir&ofc. 
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CO 1 5 7] <mffiW2 6>Jft3 1 0 Onm£> I TOg^ 

mm mm £*rr*#^x*K£, r±h 

£bT, 1 x l o 6 Torr^TMB£bfco 
[0 15 8] #U (^7i>-2, 5 -S^Y 

[0 15 9] *V*T, N, N' ->?7x^-N, N* 
-m- hU;^-4, 4' -v7^;-l, 1' -h'7x 
x;V (TPD-l) &MM&BtO. 2nm/secT5 Onmtf) i0 
JPSfcJIWU lEftttj^iibfc. 

[0 16 0] £]K0!l2 0fc&ttII-- 1 £5 Onm 

[0 16 1] #CV>-?, &JEE«S8£#ofc£;i;, 

ill^lT, hux (8-*/U/7h) 7;i/^x^ 

AftXVXaeO.. 2nm/secT?l 0um<Dm2\zmMls1t* 
[0 16 2] SSfc, M&im*&-Dfz$i^ MgAg 
(SSJtlO : 1) &SS1PMS0. 2nm/secT2 0 Onm 

[0 16 3] H <7>^rS EL^f fltt£ & Win b $ 20 

ffibfc£C3» 12V, 6 2 5mA/cm 2 Tfl 2 0 0 Ocd/m 
2 (DWJfife A max =4 9 5 nm) ©SBfofr* 

£<fcfro&. ®SO¥«M«l 0 mA/cm 2 (D5£m«ISM}> 
[0164] <*K«I 2 7 >^ffi0ij 2 1 K*5V>T, 

m\-\ <ofrt> v s axb&om i - 2 &m v*r 
[0 1 6 5] zL<Dm^\zmj£^mvxmm^mvftt 30 

£3, 14V, 4 5 OmA/cm 2 Tl 9 2 lcdnr 2 0tM 
X A max =4 6 Onm) ©583K)Cf*tt»$ 

tU d©»3tH«»S*#HSl+Tl 0 0 0»IH«±* 

^ofco 1 0 mA/cm 2 cD^«SSffii6T 3 0 

[0 16 6] <HSS03 2 8>^JSW2 2tc43V>T, 

m&m&Vit&. bUX (8-*yuth) t;i^x^ 

A£3!S«SK0. 2nm/secT2 0nm<Offat*»U « 

mum 2 tH«i:i/T*aELm#fc 

[0 16 7] d05W«EL*^C^JS«l2 2 tm»<D& 
ft-cmm&QUmhfctZLZ* 12V, 6 2 5mA/cm 2 Tl 

0 0 0 Ocd/m 2 0>Wfi (%3K&±ttfiAmax =4 8 5n 

m) axxflsmssn, ^(D*3t^ejass»Ha*T 

1 0 0 0«fTO±^tTV^c, gB#tt#f&3fcSBtf>a§i 
*«fc««fitt*<3ft3^ofc. 8I« 1 0 mA/cm 2 

[0 16 8] <^J£092 9>m& 1 0 OomCD I TOMB 50 



«rBB¥8- 1 2 6 0 0 

mm (mm) &wr*#^xx«&. *tt«5S0, T-th 

f l/T, lxi O'Morr^Tj^b/c, 
[0 16 9] *^T, #«J fft7x>-2, 

[0 17 0] N, N' -y7x-;i/-N, N' 

-m- h 4, 4 ' ->?7^y- 1, 1 ' -l£7x 

x;i/ (TPD-l) ^JK^SftO. 2nm/secT5 Onmtf) 

[0 17 1] ^C^-C, rh77x-;^D^>^yX 
>£5 0nmCW»3fcaS*U «3t»i:bfc. 
[0 17 2] «flE««&«ofc**, tfSA 

•ft sis tbr, «jkm i cD{b^^ i - 1 zmmmm o . 

2nm/secTl Onm0>JPSteSS*b;fc. 
[0 17 3] SSfc, «JEE«JB&«ofc*S, MgAg 
(SSitlO : 1) ^IflSO. 2nm/secT2 0 Onm 

[0174] ^KowWEL^fcmjBE^winbrmdft* 

flSbfc<h£<5, 12V, 1 0 0mA/cm 2 "C8 0 0cd/m 2 O 
(»5te«*«fiAmax =4 6 Onm) 

n, ci<D»3ttt«j»^**HS[*Ti o oj#m&±&iE 

o fco W«0>¥«SIfcJ: 1 0 mA/cm 2 <Z>£m«ESBS>T 1 0 Bf 

[0 17 5] mm&12 1 — 2 9JC^^T, <b6-fl:2 4 
fc»frffe*«W©fl:^ftCD 1 2 

«3IB^^/t^il5, *«EL*^©JMlja»lc*C 

[0 17 6] <itfe051>jP$ 1 0 Onmtf) I TOS^S 
S (US) ^ft^^7XlS^ ^ftttSH. T-feh 

>, x^/-;p&fflViTiB#*ft»b. it»x^y-;p 

^bT, 1X1 0" 6 Torr^TMmbfco 

[0 17 7] *Vi7?> N, N* tfX (m-/^7x^ 
;W — N, N* -y7x^- 1, 1' -tf7i-^- 
4, 4' -y75> (TPD-l) ^ 5 0nm(Oi?$fC^ 

gb, jEJLaEAHaWtbfc. 
[0 1 7 8] #C^T, Mffi^88«r«o^:*^, 1, 3- 
tfX (5- (4-t-^7x-jW -1. 3, 4- 
t^y7 Y /- 2 --f;W ^>if> (OXD-7) ^ 
fISO. 2nm/secT5 0nm£)jP;*K:3&tbT, ^7t^ 
tit 

[0179] ^vi-c, nmvtmt&&*otc*i£. i^sa 

fill^LThUX (8-*/U/f M T^^-^A 
SrSS^SSO. 2nm/sec"Cl OnmcD^^JC^ISb^io 
[0 18 0] MgAg 
(MSttlO : 1) &mmm&0. 2nm/secT2 0 Onm 
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[0181] ccDEL^^ms^BiipbTmss^ssb 

rzLCZ. 14V. 1 2 7mA/cm 2 T5 5 Ocd/m 2 <D#fi 
(*3K«*«EfiAnax = 4 8 0nm) <D«363WBB$n. 

T2 0#T&ofc. 

[0 18 2] <ltK092>C.Adachi et al., Appli. Ph 
ys. Lett. ,56,799 (1990) (ClBtt0>9. 1 0->?7i^ 

w«el*^s»*£t&. ttttwijc^vi 

ttraAftXJI«S»**£&ft<. 9, 10-/7 

[oi8 3] ca> el am*. waMt'&ft*^»»fl:L 

[0 18 4] 
[0McofB¥^l^^] 

[01] *»9BOEL*^0«l*fll*«-r«HHT* 30 

[0 2] #38W©ft^«©**»iRX^ h^&^t^ 
77T*5. 

[0 3] ^(Dft^NMRX^^ hM^t^7 

[04] **^©ft^«©*»»jRx^^ h^**-r^ 

77?*5, 

[0 5] *»»0ftS«ONMRX^^ bfr&tt'Ttf? 
7TS§o 

[07] *»M©ft§«CDNMRX^^ hJP*«-ry9 

[0 8] *«!B(Oft;'&«o**HRjRx^^ b)V*mr>f 

[09] *}JWOft^ftONMRX^^ hJHfcSRTi^ 
[01 0] *«98<Dft-&«©*nKiKX^^ h/Hfc«-T 
[01 1] *fg9!(a>fc^<DNMRX^ h^tiR-ry 50 



&m¥-8- 1 2 6 0 0 

[012] *«^cofl:-&tt<o^»iRx^^ h;u&^f 

[0 1 3] &%W<Dfc&W<Di\MRX^'s r/US^T" 
77tfe5 e 

[014] *asg8©ft'&«<o*^8ftiRx^^ hjv£^*r 

^77?*^, 

[015] *J8«Oft^ft®NMRA^^ h^S^ty 
77Tfe5. 

[016] *KW©fls-&«<Z>**H»JRX^^ hJl&TK-r 

^77?feS. 

[017] *»W0ft^ft©NMR7'O hJVS^ty 
77T2&5, 

[018] **5ao-fb-&«ro*^KiRx^^ h;v*«-r 

[019] *»W©ft§»ONMRX^^ nukr-t^ 
[0 2 0] *&m<Dfc&to<Dmfl9t*RX'<# h;v£*vr 

[02 1] *S^©ft^«|0NMRX^^ hi^^t^ 

[0 2 2] *«wa>fl:'&«o*^8ftiR^^^ h^fcSR-r 

[0 2 3] *S§!©ft&*0NMR7^^ h^S*Tf 
77^5. 

[0 2 4] *5S^(Dft-&%©^®lRX^^ h/UfcSR"*" 
^77T$5o 
[02 5] *^Oft^(Z)NMRX^^ hM^t^ 

^;7-eab£ 0 

[026] **?aoft-&ft©*^»'RX'<^ Hvfc^-r 

^77T^So 

[0 2 7] *8i©ft^ftONMRX^^ bfr&jRTif 
77t^l>o 

[0 2 8] *«9i(Dft'&<»0#^KiRX^^ h;Hfc«"T 
[0 2 9] *»W0ft6»0NMRX^^ KJ^ity 
[0 3 0] **M«)ft'&»©*^»«KX^^ h;i/^T 

^77^5. 

[03 1] #»E©fc'&«<ONMRX'^ hJUSr^fy 
77T*5, 

[0 3 2] **WOflS'&*©**V»iRX^^ Ml^^T 

[03 3] *»WOftSftCDNMRX^^ h^^T^ 

[03 4] *«W<Oft-&«ra>*^»JRX^^ h;VS:^T 
^77Tfe^. 

[03 5] *mm<D{t&®<ONMR7s^t7 bJV&Tjk-?? 
77t*5, 

[0 3 6] *f^©*fr&tt©**VR«;* y ** hJl'ftacY' 
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[03 7] *%iOft^©NMRX^^ h;^it^ 

1 tSELg^ 
2 



3 
4 
5 
6 
7 



4$H¥8- 1 2 6 0 0 



55 
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^¥8- 1 2 6 0 0 
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